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EXTRUDER SCREW TIP AND ASSOCIATED FLOW CHANNEL 

T echnic al Fii elid 



This invention is directed to methods and apparatus for use with the extrusion of visco- 
f 5 elastomeric material, and more specifically, to the prevention of porosity in an extrudate. 
Bac k gro und Art 

* It is well known in the art to extrude visco-elastic materials, such as rubber, using a screw 

extruder and a flow channel head for communicating the rubber through a flow channel from the 
extruder to a die. At the discharge end of the extruder the visco-elastic material flows over a 

10 screw nose into a receiving end of the flow channel. One problem known in the art, for example, 
in the rubber industry, is porosity, or the formation of bubbles in the material at the discharge 
end of the extruder where the screw flights terminate. The bubbles are carried in the material 
through the flow channel and show up as blisters, or porosity in the resulting rubber component 
,7' after leaving the die. 

15 1 It is believed the bubbles are formed in the space at the discharge end of the screw flights, 

because the bubbles show up at positions corresponding to the positions of the screw flights. The 
'Zi bubbles are also believed to result from shrinkage, or the tendency of visco-elastic material to 
revert to the molecular state of the material prior to the extrusion process, otherwise known as 
Ifl "memory," When the material is being extruded it is stretched, and when the stretching stops, 
20 i; or is decreased, the material will tend to shrink. This reduction in pressure on the material is 
C I believed to cause the volatiles in the material to expand and produce bubbles. In the present 
invention, an enlarged screw nose is provided for preventing this creation of porosity in the 
extrudate. 

Examples of extruders having enlarged screw noses are U.S. Patent No, 4,357,291, which 
25 shows a conventional mixing section 26 for an extruder of the type used for extruding ethylene 
polymers. U.S. Patent No. 5,660,864 shows a bullet nose at the end of a screw section of an 
injection piston for injection molding of glass fiber reinforced polyester material. U.S. Patent 
No. 3,846,057 is directed to a reciprocating screw extruder for injection molding of rubber which 
has a head on the forward end of the screw cooperating with a check ring preventing back flow 
30 of the rubber during the injection process. In none of these patents is there a description or 
showing of an extruder screw with an enlarged screw nose having a conical surface for preventing 
porosity in the extrudate. 
Pisclosyre of Inyention 
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In accordance with one aspect of the invention, there is provided a screw nose for a 
discharge end of an extruder having a screw with at least two helical flights rotatable in a 
cylindrical barrel characterized by the screw nose having an upstream portion of increasing 
diameter, providing a generally conical surface for decreasing the transition space between the 
screw nose and the barrel and maintaining pressure on the extrudate at the discharge end. 

In accordance with another aspect of the invention, there is provided a method of 
extruding a shaped rubber component, comprising: 

(a) feeding rubber into a cylindrical extruder barrel at a feed end of the extruder, 

(b) rotating a screw in said barrel to mix and convey the rubber to a discharge end, 
characterized by, 

(c) restricting the space for the flow of the rubber with a screw nose having an 
upstream portion of increasing diameter, providing a generally conical surface. 

Brief Description of Drawings 

Fig. 1 is a schematic cutaway view of an extruder and flow head embodying die invention. 

Fig. 2 is a view like Fig. 1 of an extruder and flow head according to the prior art. 

Fig. 3 is a cross section of the screw nose of the extruder screw shown in Fig. 1. 
Detailed Description of the Invention 

Referring to Fig. 1, an extruder-flow head assembly 10 is shown having an extruder 12 
connected to a flow head 14 with a flow channel 16 leading to a die (not shown) for forming a 
component of visco-elastic material, such as rubber. 

The extruder 12 has a screw 18 rotatable in a cylindrical barrel 20 with a feed opening 
22 at an entrance end 24 of the extruder. A screw nose 26 is provided at a discharge end 28 of 
the extruder 12. The screw 18 preferably has at least two helical screw flights 30 and 32 and may 
be rotated by power means, such as a motor (not shown). 

Referring to Fig. 2, a prior art extruder 12' has similar parts to the extruder-flow head 
assembly 10 of the invention shown in Fig. 1, and the numerals for these parts are designated by 
the addition of a prime mark. In the prior art extruder 12' the screw nose 34 has a bullet shape 
with a diameter Dl which may be the same as the root diameter D2 of the screw 18'. 

Referring again to Fig. 1 and to Fig. 3, the screw nose 26 embodying the invention has 
an upstream portion 36 and a downstream portion 38. The upstream portion 36 has an increasing 
diameter in the direction of the flow of the rubber providing a generally conical upstream surface 

40. The downstream portion 38 of the screw nose 26 has a decreasing diameter in the direction 

/ 
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of the flow providing a generally conical downstream surface 42 which is spaced from a tapered 
wall 44 of decreasing diameter of the flow channel head 14 in the direction of the flow. 
Preferably the generally conical upstream surface 40 is inclined at an angle X of 55 degrees to 
an axis 0-0 of the screw nose and may be inclined from 45 degrees to 65 degrees. The generally 
conical downstream surface 42 is inclined to the axis 0-0 at an angle Y of 40 degrees and may 
be inclined from 35 degrees to 45 degrees, depending on the angle Z, that the tapered wall 44 is 
inclined to the axes 0-0. Preferably the angle Y is equal to the angle Z. 

A transition space 46 is defined by the conical surface 42 of the downstream portion 38, 
the conical surface 40 of the upstream portion 36, a tapered wall 44 of the flow head channel 14 
and the cylindrical barrel 20 of the extruder 12 as shown in Fig. 1. In the prior art extruder 12', 
the transition space 48 is defined by the cylindrical bullet nose screw nose 34, the tapered wall 
44' of the flow channel head 14' and the cylindrical barrel 20'. 

In operation of the extruder embodying the invention, a visco-elastic material, such as 
rubber, is fed into the extruder 12 through the feed opening 22 and the screw flights 30 and 32 
propel the rubber toward the discharge end 28 of the extruder 12. As the screw 18 is rotated, 
the screw flights 30 and 32 and the cylindrical barrel 20 are in working engagement with the 
rubber, which is pulled and stretched in tension as it is moved from the feed opening 22 to the 
discharge end 28 of the extruder. This working increases the pressure on the rubber and raises 
the temperature. 

In the prior art extruder shown in Fig. 2, the working engagement, including the 
stretching and mixing of the rubber is substantially reduced at the discharge end 28' where the 
rubber is moved into an enlarged transition space 48 and past the screw nose 34 which has a 
configuration of a bullet with a diameter D-1 substantially the same as the root diameter D2 of 
the screw 18', The pressure on the rubber in the enlarged transition space 48 is reduced where 
h is believed volatiles in the rubber expand and cause bubbles. The rubber then flows through 
the flow channel 16' to a die (not shown). The shaped rubber material is then exposed to the 
atmosphere where it is believed porosity and blisters in the surface of the extruded material are 
formed. 

With the apparatus of this invention shown in Figs, 1 and 3, the screw nose 26 has an 
upstream portion 36 with a conical surface of increasing diameter in the direction of the flow for 
engaging the rubber flowing from the helical screw flights 30 and 32 and urging the rubber into 
working engagement with the wall of the cylindrical barrel 20, This working engagement 
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maintains the pressure on the rubber and prevents expansion of the volatiles in the rubber. After 
passing over the conical surface 42 of the upstream portion 36 of the screw nose 26, the rubber 
flows over the downstream portion 38 which has a decreasing diameter in the direction of flow 
with a surface 42 at the angle Y, in substantially parallel relation to the tapered surface 44 of the 
flow channel head 14 which is inclined at an angle Z relative to the axis 0-0 of the screw nose. 
With this configuration the rubber is confined to the space between the tapered surface 44 and 
the conical surface 42 and maintained in working engagement with these surfaces 44 and 42 of 
the tapered wall and upstream surface, thereby maintaining pressure on the rubber and preventing 
the formation of bubbles by expansion of the volatiles in tlie rubber material. The rubber material 
then flows through the flow channel 16 of the flow head 14 which has a generally constant 
sectional area to a die (not shown) where it is formed in the final shape without expansion of the 
;5 volatiles, providing a bubble free, smooth surfaced extrudate. 

r ?1 While a certain representative embodiment have been shown for the purpose of illustrating 

;i the invention, it will be apparent to those skilled in the art that various changes and modifications 
IJi may be made therein without departing from the scope of the invention. 
Having thus described the invention, it is now claimed: 
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CLAIMS 

1. An extruder screw nose for a discharge end of an extruder having a screw with at least 
two helical flights rotatable in a cylindrical barrel for propelling an extrudate material from an 
upstream portion of said barrel to a downstream portion characterized by said screw nose having 
an upstream portion of increasing diameter in the direction of flow of said extrudate providing 
a generally conical surface for decreasing a transition space between said screw nose and said 
barrel and maintaining working engagement with said extrudate to maintain pressure on said 
extrudate at said discharge end. 

2. The extruder screw nose according to claim 1 further characterized by having a 
downstream portion of decreasing diameter in said direction of flow providing a generally conical 
surface generally parallel to a converging tapered wall of an adjacent flow channel block for 
maintaining working engagement with the extrudate and maintaining the pressure on the extrudate 
at said discharge end. 

3. The extruder screw nose according to claim 1 further characterized by said upstream 
portion of increasing diameter having a conical surface disposed at an angle of 45 degrees to 65 
degrees relative to the axis of said screw nose. 

4. The extruder screw nose of claim 3 further characterized by said angle of said conical 
surface of said upstream portion being about 50 degrees. 

5. The extruder screw nose according to claim 2 further characterized by said generally 
conical surface of said downstream portion being at an angle of 35 degrees to 45 degrees relative 
to the axis of said screw nose. 

6. The extruder screw nose of claim 5 further characterized by said angle of said generally 
conical surface of said downstream portion being at an angle of about 40 degrees. 

7. A method of extruding a shaped visco-elastic component, comprising: 

(a) feeding a visco-elastic material into a cylindrical extruder barrel at a feed end of 
said extruder, 

(b) rotating a screw to mix and provide working engagement of said screw with said 
cylindrical extruder barrel characterized by, 

(c) maintaining working engagement of said screw and said extruder barrel at a 
discharge end of said extruder by confining the flow of said visco-elastic material through 
a transition space between a screw nose on said screw and said cylindrical extruder barrel 
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wherein said screw nose has an upstream portion of increasing diameter in the direction 
of flow of said material providing an upstream generally conical surface. 

8. The method of claim 7 further comprising maintaining working engagement of said visco- 
elastic material from said upstream portion to a downstream portion of decreasing diameter in 
said transition space wherein a flow channel head with a tapered wall is attached to said extruder 
characterized by conveying said visco-elastic material in working engagement with said 
downstream portion of said screw nose and said tapered wall of said flow channel head. 

9. An extruder and flow channel head assembly comprising an extruder having a cylindrical 
barrel with a feed end and a discharge end, said discharge end being attached to a flow channel 
head containing a flow channel for carrying rubber from said extruder to a suitable die, a screw 
nose on said extruder screw positioned in a transition space at said discharge end of said barrel 
characterized by said screw nose having a radially expanding upstream portion providing a 
conical surface of increasing diameter in the direction of flow of said rubber for maintaining said 
rubber in working engagement with said screw nose and said cylinder wall, whereby the pressure 
on said rubber is maintained in said transition space. 

10- An extruder and flow head assembly according to claim 9, further characterized by said 
screw nose having a downstream portion with a conical surface of decreasing diameter in the 
direction of flow of said rubber spaced from an opposing tapered wall of said flow channel head 
to maintain working engagement of said mbber with said conical surface of said screw nose and 
said tapered wall of said flow channel head whereby pressure on said rubber is maintained to 
prevent expansion of volatiles in said rubber. 

11 . An extruder and flow head assembly according to claim 10, further characterized by said 
flow channel having a generally constant cross sectional area from said tapered wall of said flow 
channel head to a discharge end of said flow channel head to maintain pressure on said rubber 
and provide time for volatiles in said material to be dissolved before ejection from said flow 
chaimel head. 
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AMENDED CLAIMS 

[received by the International Bureau on 9 November 1999 (09.1 1 .99); 

original claims 1-11 replaced by amended claims; 

1-11 (2 pages)] 

L An extruder having a screw with at least two helical flights rotatable in a cylindrical 
barrel for propelling an extrudate material from an upstream portion and an extruder screw nose 
at a discharge end of said extruder of said barrel to a downstream portion characterized by said 
5 screw nose having an upstream portion of increasing diameter in the direction of flow of said 
extrudate providing a generally conical surface for decreasing a transition space between said 
screw nose and said cylindrical barrel and maintaining working engagement with said exundate 
to maintain pressure on said extrudate at said discharge end, 

2. The extmder according to claim 1 further characterized by said screw nose having a 
10 downstream portion of decreasing diameter in said direction of flow providing a generally 

conical surface generally parallel to a converging tapered wall of an adjacent flow channel block 
for maintaining working engs^ement with the extrudate and maintaining the pressure on the 
extrudate at said discbarge end. 

3. An extmder screw nose for a discharge end of an extruder having a screw with at least 
15 two helical flights rotatable in a cylindrical barrel for propelling an extrudate material from an 

upstream portion of said barrel to a downstream portion of said barrel characterized by said 
screw nose having an upstream portion of increasing diameter in the direction of the flow of said 
extrudate providing a generally conical surface disposed at an angle of 45 degrees to 65 degrees 
relative to the axis of the screw nose and a downstream portion of decreasing diameter in said 
20 direction of flow providing a generally conical surface generally parallel to a converging tapered 
wall of an adjacent flow chaimel block. 

4. The extruder screw nose of claim 3 further characterized by said angle of said conical 
surface of said upstream portion being about 50 degrees. 

5. The extruder screw nose according to clahn 3 fiirther characterized by said generally 
25 conical surface of said downstream portion being at an angle of 35 degrees to 45 degrees relative 

to the axis of said screw nose- 

6. The extruder screw nose of claim 5 further characterized by said angle of said generally 
conical surface of said downstream portion being at an angle of about 40 degrees, 

7. A method of extruding a shaped visco-elastic component, comprising: 

30 (a) feeding a visco-elastic material into a cylindrical extruder barrel at a feed end of 

said extmder 

(b) rotating a screw to mix and provide working engagement of said screw with said 
cylindrical extruder barrel characterized by, 
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(c) maintaiTjing working engagement of said screw and said extruder barrel at a 
discharge end of said extruder by confining the flow of said visco-elaslic material 
through a transitiotTt space between a screw nose on said screw and said cylindrical 
extruder barrel wherein said screw nose has an upstream portion of increasing diameter 
in the direction of flow of said material to a diameter not greater than the diameter of 
said cylindrical extruder barrel providing an upstream generally conical surface, 

8. The method of claim 7 further comprising maintaining working engagement of said 
visco-elastic material jfrom said upstream portion to a downstream portion of decreasing 
diameter in said transition space wherein a flow channel head with a tapered wall is attached to 
said extruder characterized by conveying said visco-elastic material in working engagement with 
said downstream portion of said screw nose and said tapered wall of said flow channel head, 

9. An extruder and flow channel head assembly comprising an extruder having a screw md 
cylindrical barrel with a screw flight extending from a feed end to a discharge end, said 
discharge end being attached to a flow channel head containing a flow channel for carrying 
rubber from said extruder to a suitable die, a screw nose on said extruder screw positioned at the 
end of said screw flight in a transition space at said discharge end of said barrel characterized by 
said screw nose having a radiaUy expanding upstream portion providing a conical surface of 
increasing diamet^ in the direction of flow of said rubber for maintaining said rubber in 
working engagement with said screw nose and said cylinder wall, whereby the pressure on said 
rubber is maintained in said transition space. 

10. An extruder and flow head assembly according to claim % further characterized by said 
screw nose having a downstream portion with a conical smface of decreasing diameter in the 
direction of flow of said rubber spaced from an opposing tapered wall of said flow channel head 
to maintain working engagement of said rubber with said conical surface of said screw nose and 
said tapered wall of said flow channel head whereby pressure on said rubber is maintained to 
prevent expansion of volatiles in said rubber. 

11. An extruder and flow head assembly accordtug to claim 10, further characterized by said 
flow channel having a generally constant cross sectional area from said tapered wall of said flow 
channel head to a discharge end of said flow channel head to maintain pressure on said rubber 
and provide time for volatiles in said rubber to be dissolved before ejection from said flow 
charmel head. 
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